Context: Force sense (FS), the proprioceptive ability to detect muscle-force generation, has been shown to be impaired in individuals with functional ankle instability (FAI). Fatigue can also impair FS in healthy individuals, but it is unknown how fatigue affects FS in individuals with FAI. Objective: To assess the effect of fatigue on ankle-eversion force-sense error in individuals with and without FAI. Design: Case control with repeated measures. Setting: Sports medicine research laboratory. Participants: 32 individuals with FAI and 32 individuals with no ankle sprains or instability in their lifetime. FAI subjects had a history of ≥1 lateral ankle sprain and giving-way ≥1 episode per month. Interventions: Three eversion FS trials were captured per load (10% and 30% of maximal voluntary isometric contraction) using a load cell before and after a concentric eversion fatigue protocol. Main Outcome Measures: Trial error was the difference between the target and reproduction forces. Constant error (CE), absolute error (AE), and variable error (VE) were calculated from 3 trial errors. A Group × Fatigue × Load repeated-measures ANOVA was performed for each error. Results: There were no significant 3-way interactions or 2-way interactions involving group (all P > .05). CE and AE had a significant 2-way interaction between load and fatigue (CE: F 1,62 = 8.704, P = .004; AE: F 1,62 = 4.024, P = .049), and VE had a significant main effect for fatigue (F 1,62 = 5.130, P = .027), all of which indicated increased FS error with fatigue at 10% load. However, at 30% load only VE increased with fatigue. The FAI group had greater error as measured by AE (F 1,62 = 4.571, P = .036) but not CE or VE (P > .05). Conclusions: Greater AE indicates that FAI individuals are less accurate in their force production. Fatigue impaired force sense in all subjects equally. These deficits provide evidence of impaired proprioception with fatigue and in individuals with FAI.
Ankle sprains are one of the most common injuries experienced by individuals involved in physical activity. 1,2 A large, multinational systematic review on sports injuries by Fong et al 1 found that ankle sprains accounted for 11.2% to 20.8% of all such injuries. Another recent review of the U.S. National Collegiate Athletic Association over the last 16 years found that ankle sprains account for 15% of all reported injuries. 2 Most ankle sprains are inversion or lateral ankle sprains. 3 One of the most problematic sequelae to a lateral ankle sprain is functional ankle instability (FAI). Freeman 4 coined the term functional ankle instability to describe patients experiencing sensations of "giving way" and instability during activity after an acute lateral ankle sprain. Reported by 32% to 47% of patients, [5] [6] [7] FAI can limit physical activity and activities of daily living for multiple years postinjury. [5] [6] [7] The mechanism of a lateral ankle sprain is a combination of ankle inversion, plantar flexion, and internal rotation. 8 Most cases result in damage to the lateral structures including the anterior talofibular ligament, calcaneofibular ligament, posterior talofibular ligament, and/or peroneal muscles. 3 Based on their anatomy, the peroneal muscles work to concentrically evert the ankle and, thus, are considered the primary dynamic stabilizers of the lateral ankle against forced inversion. 9 It should be noted that the invertor muscles also play a role in ankle stability, as they eccentrically mediate eversion in the closed kinetic chain. 10 It has been hypothesized that dysfunction of the peroneal muscles could contribute to FAI through inadequate or untimely eversion-force production. 11, 12 One contributor to appropriate force production is accurate proprioception of muscle-force generation, known as force sense. 13, 14 Force sense is locally mediated by mechanoreceptors such as muscle spindles and Golgi tendon organs, 13, 14 which may be damaged at the time of initial injury. Previous research has shown that eversion force sense is diminished in individuals with FAI. 13, [15] [16] [17] Eversion force sense is important considering the peroneal muscles' role in stabilizing the ankle against injurious inversion forces. For example, just after heel strike in walking, the peroneus longus and brevis contract to produce an eversion moment at the ankle. 9 If misperception of peroneal force resulted in decreased force production, the moment generated by the peroneals could be insufficient to prevent inversion of the ankle during the weight-acceptance phase of gait.
Muscle fatigue is another factor that influences force sensation. Fatigue decreases maximal muscle force and increases force-sense error. 14, [18] [19] [20] Specifically at the ankle, fatigue has been shown to impair plantar-flexion force-sense error in healthy subjects. 19 However, the effect of fatigue on ankle-eversion force sense has not been reported in either healthy or pathological populations. This is important information because injury risk increases with fatigue 21, 22 and with a history of previous ankle sprain. 23, 24 However, it is unknown whether fatigue compounds the resting force-sense errors noted in individuals with FAI. 13, 15, 17 The specific aim of this study was to evaluate differences in ankle-eversion force sense in subjects with stable ankles and those with FAI, both before and after inducing eversion fatigue. Our hypothesis was that all subjects would have greater force-sense errors in the presence of fatigue. In addition, we hypothesized that the FAI group would have greater deficits than the stable-ankle group both prefatigue and postfatigue. Finally, we hypothesized that there would be an interaction between group and fatigue, with fatigue having a more adverse effect on individuals with FAI than on those with stable ankles.
Methods

Subjects
Thirty-two matched subjects per group participated in this study (Table 1) . Initially, 36 subjects with FAI and 35 healthy volunteers were recruited from a large metropolitan area to participate in the study. However, 7 of these subjects were not included in the final analysis because a match was not available (5 subjects) or because after testing the investigator discovered that the subject should have been excluded based on his or her participation in proprioception-based rehabilitation within the last 6 months (2 subjects).
According to criteria adapted from Docherty and Arnold, 17 subjects in the FAI group had to report a history of at least 1 inversion ankle sprain that required protected weight bearing, immobilization, and/or limited activity for ≥24 hours. In addition, FAI subjects had to experience ≥1 monthly episode of giving way. In the case of bilateral instability, the subject was asked which ankle felt the most unstable, and this ankle was tested as the involved ankle. FAI subjects were excluded if they had participated in an ankle-rehabilitation program within the last 6 months.
Stable-ankle subjects had no history of ankle injury and were matched to FAI subjects by gender, age (± 10 y), height (± 0.1 m), and weight (± 15 kg). They were tested on the same side (left or right) as their FAI match. There is currently no evidence to show that ankle force sense differs between dominant and nondominant limbs and limited evidence demonstrating no difference between sides. 25 Thus, limb dominance was not controlled, which is consistent with several reports. 13, 15, 26 Subjects were excluded from either group if they had a history of fracture or surgery to the tested lower extremity, had any acute symptoms of lower extremity injury on the day of testing, or were not physically active. Physically active was defined as participating in 3 or more hours of moderate to vigorous physical activity per week. Institutional review board approval was granted for this study, and all subjects read and signed an informedconsent document before participation.
Test Procedures
Data were collected during a single testing session in a sports medicine research laboratory. The examiner was not blinded to subject group, but subjects were blinded to the research hypothesis. Before force-sense testing, each subject reported the frequency of sensations of giving way of their involved ankle and completed the Cumberland Ankle Instability Tool (CAIT). The CAIT is a highly reliable (ICC 2,1 = .96) 9-item questionnaire 27 that we used as a descriptive measure of ankle function. A score of ≤27 on the CAIT indicates FAI, 27 and although it was not an a priori inclusion criterion, all members of our FAI group did score below the cutoff. In addition, each subject filled out an injury-history questionnaire that included items for the severity of initial sprain, whether medical care had been sought for the initial sprain, and the frequency of episodes of giving way. If the severity of the subject's initial ankle sprain was graded by a medical professional, the subject was asked to report the severity of injury. Options presented were mild (grade 1), moderate (grade 2), severe (grade 3), or unknown (including sprains that were not graded or if the grade had been forgotten). Subjects whose sprain was not evaluated by a medical professional were marked as unknown severity.
Eversion Force Sense
Maximal Voluntary Isometric Contraction. To establish ankle-eversion maximum voluntary isometric contraction (MVIC), subjects were tested in a supine position with their hips and knees supported by foam bolsters in approximately 30° and 45° of flexion, respectively (Figure 1 ). With the ankle in slight plantar flexion (approximately 5-10°) the head of the fifth metatarsal was aligned with the load cell (Sensotec, Columbus, OH). A hook-and-loop strap was placed around the thighs to minimize abduction of the hip and contribution from muscles other than the ankle evertors. Consistent with the methods of Arnold and Docherty, 13 subjects were instructed to evert their ankle, pulling as hard as they could for 5 seconds. Real-time visual feedback was provided by a large display projected on the wall in front of the subject ( Figure 2 [A]). After the task had been demonstrated, 3 practice trials were performed. During the practice trials, the investigator watched for obvious movement at the hip or knee and provided verbal feedback to encourage isolation of the ankle. The 3 practice trials were followed by a 1-minute rest, after which 3 recorded trials were collected with a 30-second rest between trials. The average force across the 3 trials was defined as the prefatigue Sensotec MVIC.
Force-Sense Testing. version force sense was assessed twice, prefatigue and postfatigue. Load-cell data were collected at 1000 Hz and low-pass filtered at 3 Hz with a fifth-order Butterworth filter using Datapac 2K2 software (v 3.09, Run Technologies, Co, Laguna Hills, CA). Docherty and Arnold 25 reported high reliability (ICC = .85-.89) of eversion-force measures using this instrumentation and protocol. Using the same subject positioning as for prefatigue Sensotec MVIC, the subjects were asked to perform the force-matching procedure at 2 counterbalanced target loads, 10% and 30% of prefatigue Sensotec MVIC. These loads were chosen based on previous research reporting force-sense deficits in individuals with FAI at loads ≤30% of MVIC 13, 15, 17 but not at loads ≥50%. 28 Loads equivalent to 10% and 30% of MVIC also mimic the demands of functional activity such as walking gait, which uses low levels of eversion force. 9 Subjects were asked to generate the target force with their involved (ipsilateral) ankle under 2 consecutive conditions: a reference using visual feedback to acquire the target force ( Figure 2 [B]) and a reproduction with no feedback. They were instructed to hold the target force for 5 seconds using visual feedback, relax their ankle while the feedback was removed, and then immediately recreate and hold the target force for 5 seconds. This targetreproduction couple was repeated 3 times for each load with 5 seconds rest between couples (ie, trial). During the first force-sense assessment, 3 practice trials were given for each load to familiarize the subject with the protocol. However, to prevent a learning effect subjects were given no performance feedback, only feedback regarding whether they performed the task according to instructions.
Fatigue Protocol and Testing
Fatigue Protocol. Our fatigue protocol was performed using a PrimusRS isotonic dynamometer (BTE Technologies Inc, Hanover, MD). The isotonic mode of the PrimusRS permitted eversion fatigue production using a standard resistance throughout the entire range of motion, while simultaneously measuring declines in muscle power. Reliability of the PrimusRS for ankleeversion power measurement has been shown to be high (ICC = .92). 29 Subjects sat with their hips and knees at 90° and 60°, respectively. As with force-sense testing, the ankle was positioned in approximately 10° of plantar flexion ( Figure 3 ). Subjects were strapped to the testing chair at the chest, waist, thigh, and foot to prevent accessory movement. They were given a 2-minute warm-up for familiarization with the eversion movement, after which they again performed 3 prefatigue MVICs, and the average torque in Newton-meters was recorded (prefatigue PrimusRS MVIC). This second recording of MVIC was necessary because of differences in instrumentation from the Sensotec MVIC and so that it could be directly compared with the postfatigue PrimusRS MVIC.
Resistance for the fatigue protocol was set to approximately 33% of prefatigue PrimusRS MVIC. Subjects then performed continuous concentric eversion contractions with passive inversion repositioning at a rate of 1 contraction every 1 to 1.5 seconds. This continued for 12 minutes or until task failure. Task failure was operationally defined as the point at which the individual appeared to be giving full effort but was no longer able to voluntarily evert the foot against the resistance, as evidenced by a marked reduction in active inversion-eversion range of motion (generally <10° range of motion). Strong encouragement was given by the examiner to continue giving full effort during the entire protocol. If task failure occurred, the exercise was stopped and postfatigue testing started immediately.
Fatigue Measures. During the continuous fatigue protocol, perceived exertion was recorded every 2 minutes using a visual analog scale (VAS). For the VAS, subjects were asked to respond to the question "How hard is the exercise of your lower leg?" by marking their perceived exertion on a 100-mm line anchored with the key words Not hard at all on the left and Very hard on the right. Subjects were blinded from their previous responses.
After the fatigue protocol ended, postfatigue PrimusRS MVIC was assessed and subjects were returned to the force-sense testing area as quickly as possible. Postfatigue force-sense testing (3 trials at each load) began immediately. To allow direct comparison prefatigue and postfatigue, the target loads for the forcesense testing procedure were identical to prefatigue testing (10% and 30% of prefatigue Sensotec MVIC). In addition, the order of target load testing was identical to prefatigue testing (ie, if prefatigue they tested force sense at 10% load first, then postfatigue they also tested 10% load first).
Data Analysis
For each trial, trial error was calculated as the difference between the average target force over the last second of the target and the average reproduction force over the first second of the reproduction. 17, 25 Thus, for each subject at each load, 3 trial errors were calculated prefatigue and postfatigue. From these 3 trial errors, 3 error terms were calculated: constant error, absolute error, and variable error. These variables provide information about the accuracy and precision of force sense. Specifically, constant error, the average of the 3 trial errors, indicates whether an individual tended to overshoot or undershoot the target force. Absolute error, the average of the absolute value of each trial error, measures the magnitude of error regardless of directionality. Finally, variable error, the standard deviation of trial error, measures the precision of performance.
For each load, CE, AE, and VE were calculated for prefatigue and postfatigue force sense. A separate 2 (group) × 2 (fatigue) × 2 (load) repeated-measures ANOVA was conducted for each variable (VE, CE, and AE) using PASW Statistics 17.0 (SPSS Inc, Chicago, IL). The main effect for load was included to enable a direct comparison between our test loads and to limit the experimental error rate compared with separate ANOVAs for each load. The alpha level was set a priori at .05. Tukey's post hoc comparison was used to investigate significant interactions.
CAIT scores were compared between groups using an independent t test. In addition, 2 separate 2 (group) × 2 (prefatigue, postfatigue) repeated-measures ANOVAs were conducted for VAS and PrimusRS MVIC to provide evidence that the fatigue protocol was effective. The VAS score was measured from the left end of the 100-mm line to the subject's mark, with greater scores indicating greater exertion. The first and last recorded VAS scores were used for analysis.
Results
Subjects
The demographics for all subjects are reported in Table  1 . FAI subjects scored significantly lower on the CAIT than those with stable ankles (t 1,66 = -13.936, P < .001; FAI = 19.3 ± 4.1, stable = 29.4 ± 1.2). Lower scores on the CAIT indicate decreased function. Individuals with FAI averaged 3.9 ± 5.2 episodes of giving way per month. Reported severity of initial injury in the FAI group was 1 mild sprain, 10 moderate sprains, 6 severe sprains, and 15 sprains of unknown severity.
Fatigue Protocol
The fatigue protocol lasted for 12 minutes or until task failure. Time spent in the protocol was 11.88 ± 0.71 minutes (range 8-12) for the FAI group and 11.50 ± 1.02 minutes (range 8-12) for the control group.
MVIC
There was no significant interaction between FAI and fatigue for PrimusRS MVIC (F 1,66 = 0.066, P = .798), nor was there a group main effect (F 1,66 = 1.874, P = .176). There was a significant fatigue main effect (F 1,66 = 86.316, P < .001), with the postfatigue PrimusRS MVIC significantly less than prefatigue PrimusRS MVIC (Table 2) . On average, isometric strength decreased 29.6% postfatigue.
VAS
For the VAS, there was a significant interaction between FAI and fatigue (F 1,62 = 4.758, P = .033). A Tukey post hoc test showed there was a significant difference between groups for prefatigue perceived exertion, but there was no significant difference between groups postfatigue. In addition, both groups significantly increased postfatigue perceived exertion. The main effect for fatigue was also significant (F 1,62 = 160.952, P < .001), with subjects having significantly greater perceived exertion postfatigue ( Table 2 ). The main effect for group was not significant (F 1,62 = 0.566, P = .455). On average, perceived exertion increased 129.8% postfatigue.
Force Sense
Constant Error. For constant error (CE), there was no significant 3-way interaction between load, fatigue, and FAI (F 1,62 = 1.575, P = .214, partial η 2 = .025, power = .235), nor were there significant 2-way interactions between fatigue and FAI (F 1,62 = 0.624, P = .432, partial η 2 = .010, power = .122) or load and FAI (F 1,62 = 0.001, P = .988, partial η 2 = .001, power = .050). There was a significant 2-way interaction between load and fatigue (F 1,62 = 8.704, P = .004, partial η 2 = .123, power = .827). A Tukey post hoc test showed that at the 10% load, prefatigue CE was significantly lower than postfatigue CE (Table 3) . However, there were no significant differences between prefatigue and postfatigue CE at the 30% load (Table 3 ). There was a significant main effect for load (F 1,62 = 10.386, P = .002, partial η 2 = .143, power = .887), with CE increased at greater loads ( Table 3 ). The main effects for fatigue and FAI were not significant (fatigue: F 1,62 = 2.381, P = .128, partial η 2 = .037, power = .330; group: F 1,62 = 1.897, P = .173, partial η 2 = .030, power = .273, Table 3 ).
Absolute Error. For absolute error (AE), there was no significant 3-way interaction between load, fatigue, and FAI (F 1,62 = 2.938, P = .092, partial η 2 = .045, power = .393), nor were there significant 2-way interactions between fatigue and FAI (F 1,62 = 0.055, P = .816) or load and FAI (F 1,62 = 0.074, P = .787; partial η 2 = .001, power = .058). There was a significant 2-way interaction between load and fatigue (F 1,62 = 4.024, P = .049, partial η 2 = .061, power = .506). A Tukey post hoc test showed that at the 10% load, prefatigue AE was significantly lower than postfatigue AE (Table 4) . However, at the 30% load, prefatigue AE was not significantly different from postfatigue AE (Table 4) . There was a significant main effect for FAI (F 1,62 = 4.571, P = .036, partial η 2 = .069, power = .558), with the FAI group demonstrating significantly more error than the stable-ankle group (Table 4 ). The main effect for load was significant (F 1,62 = 43.735, P < .001, partial η 2 = .414, power = 1.000), with AE increased at higher loads ( Table 4 ). The main effect for fatigue was not significant (F 1,62 = 3.063, P = .085, partial η 2 = .047, power = .407).
Variable Error. For variable error (VE), there was no significant 3-way interaction between load, fatigue, and Table 5 ). Specifically, VE was greater at the 30% load than the 10% load, and VE increased with fatigue (Table 5 ).
Discussion
Our original hypotheses were partially supported by our findings. We found increased AE with FAI and increased error with fatigue for all variables. However, we did not find the expected interaction between FAI and fatigue. Our results showed decreased PrimusRS MVIC and increased perceived exertion after our fatigue protocol for all subjects. Although there was a small group difference in prefatigue perceived exertion, there were no significant group differences postfatigue for either perceived exertion or PrimusRS MVIC. This difference in prefatigue perceived exertion was mostly likely due to a limitation of our study protocol. Specifically, we did not record a true resting perceived exertion; rather, our prefatigue exertion was recorded immediately on starting the fatigue protocol (within 30 s of initiation). Thus, the observed difference in prefatigue perceived exertion may just indicate that individuals with FAI perceived exertion from our fatigue protocol more quickly (within the first 30 s), despite the fact that all subjects ended with similar postfatigue exertion scores. At both time points, variability within each group was similar. These data indicate that the protocol was equally effective at inducing fatigue for all subjects.
FAI and Fatigue Interaction
Previous research has reported that fatigue decreases maximal muscle force, as well as altering force sensation in both ankle plantar flexion and elbow flexion and extension. 14,18-20 Before our investigation, no studies reported the effect of fatigue on ankle-eversion force sense, despite the potentially important effect of fatigue on lateral stability of the ankle joint. Although nonfatigued individuals with FAI display eversion force-sense deficits, 13, 15, 17 performance under fatigued conditions has not previously been reported. Thus, we felt that it was important to understand how force sense was affected by the presence of fatigue in individuals with FAI. We did not find an interaction between fatigue and FAI for any variable. This indicates that fatigue affects individuals with and without FAI similarly. However, it should be noted that our fatigue protocol incorporated only local muscle fatigue by isolating ankle eversion. It could be that a more general, functional lower extremity fatigue protocol could affect force sensation differently than local fatigue. Force sense is governed by an individual's sense of effort, which has both peripheral and central mechanisms. 18 Our targeted local fatigue protocol may affect the peripheral and central mechanisms of fatigue differently than a general lower extremity fatigue protocol. Thus, although we did not find an interaction between force sense and local evertor fatigue, it may be of additional interest to assess the relationship between FAI and general lower extremity fatigue.
Group Deficits
We found that individuals with FAI had greater eversion force-sense AE than healthy controls. Greater AE means that the FAI group had greater absolute magnitude of trial error than the stable-ankle group. Greater absolute magnitude of trial error means the FAI subjects produced either too much or too little force on each trial; however, they were not consistent in the typical direction of their error (too much or too little)-otherwise, CE would also have been significant. These results are consistent with previous research by Arnold and Docherty, 13 who reported a significant positive relationship between 10% AE and severity of ankle instability but not between the severity of instability and VE or CE. Specifically, in our study individuals with FAI had approximately 0.48 N greater force-sense AE than healthy individuals. While 0.48 N may seem small, it is equivalent to approximately 11.3% of the target force at the 10% load and 3.8% of the target force at the 30% load. Muscle force-sense error of 3.8% to 11.3% of the intended force may be sufficient to trigger instability. However, more research is required to determine the precise clinical significance of errors of this magnitude.
We did not find significant group differences for CE or VE. Regardless of group, participants tended to overshoot the target force (as indicated by positive mean CE). This may mean they overestimated the effort required to produce the target force (or underestimated their current effort). Since CE (the average of 3 trial errors) did not differ by group but AE (absolute value of 3 trial errors) did, it seems that individuals with FAI were less accurate on any individual trial, but the average of all 3 trials was just as accurate as for stable-ankle individuals. This variability of performance may indicate a less stable motor pattern or attractor state. 30 Although both groups were challenged to perform a relatively novel force-matching task, individuals with stable ankles responded to these constraints with a more stable motor performance. This performance variability could have important implications for injury, as force sense during functional tasks does not necessarily have the opportunity to average sensory input over multiple trials-rather, a person must act on the input available at the time. If that sensory input is occasionally erroneous, the person may then be led to generate a motor program that either overactivates or underactivates the evertor muscles, resulting in injury. No other authors have directly compared CE between groups. However, 2 studies did assess for a correlation between severity of FAI and CE, with conflicting results. 13, 15 Similarly, our finding of no significant group difference for VE is similar to the results of 1 study 13 but inconsistent with 2 others. 15, 17 Slight differences in the severity of symptoms, FAI-group inclusion criteria, and type of statistical analysis may explain the conflicting evidence regarding CE and VE. In addition, even the significant differences in these studies were quite small in magnitude. A metaanalysis combining all available studies may be able to better detect group differences, if they exist.
Load and Fatigue Deficits
Error was greater at the 30% load than at 10% load for all measures (AE, CE, and VE). This was expected based on previous research. 17, 19 In general, we found that fatigue also increased force-sense error. Specifically, after fatigue, error increased at the 10% load for all measures and at the 30% load for VE only. We expected increased error with fatigue at both loads for all measures based on previous work in other joints and other movements at the ankle (ie, plantar flexion). [18] [19] [20] However, we found an interaction between fatigue and target load for both CE and AE. Our post hoc testing found that error was not significantly different between fatigue conditions (before and after) for AE or CE at 30% load. We do not believe this was due to an insufficiency in our fatigue protocol. Indeed, on average isometric strength decreased 29.6% after exercise while perceived exertion increased 129.8%, providing evidence that subjects were experiencing fatigue. One possible explanation for why force-sense error remained constant at 30% load for CE and AE lies in the number of motor units recruited. Arnold and Docherty 13 hypothesized that force sense is preserved at higher loads because more proprioceptors provide sensory feedback when more motor units are recruited. Thus, the influence of any damaged (or fatigued) proprioceptors is weighted less at larger loads because of a greater overall number of proprioceptors providing feedback. This may have allowed for the preservation of AE and CE at higher loads.
Limitations and Future Directions
We did not control for limb dominance. Although there is no literature to indicate that limb dominance affects force sense at the ankle, we cannot say with certainty that it was not a factor in our results. Future research should test for any effect of limb dominance. In addition, our fatigue protocol used an isotonic dynamometer to provide resistance in ankle eversion and stabilize all proximal joints. This protocol allowed us to meet the aim of this study by targeting the evertors specifically. However, it is reasonable to assume that fatigue in general physical activity is not limited to the evertors. Thus, we recommend that future research use a functional fatigue protocol, incorporating functional exercises such as running and cutting. A functional fatigue protocol may be more generalizable to the effects of fatigue in a typical athletic setting. We observed low power for several of our measures. However, our FAI group (n = 32) exceeded the average FAI group (mean n = 29) of related studies that were successful in detecting group differences. 13, 15, 17 Thus, we feel that we had sufficient sample size to detect meaningful group differences and are reminded that post hoc power analysis will always results in low observed power for nonsignificant variables.
In addition, research on eversion force-sense characteristics in individuals with FAI has been limited to retrospective case-control designs. 13, 15, 17 Based on this methodology, it is still unknown whether FAI-related deficits are predisposing factors to injury or perhaps postinjury changes. Prospective research in the area of force sense is needed.
Conclusions
Individuals with FAI had greater magnitude of forcesense AE, indicating that these individuals were more likely to produce too much or too little force. However, there were no group differences in the direction or variability of error. Regardless of group, fatigue increased force-sense error at very low loads. These deficits, although small, provide evidence of impaired proprioception in all individuals with fatigue and in individuals with FAI at rest. Proprioceptive impairments may increase the risk of injury through inappropriate force sensation and production.
